Palaeontology: The 165-Million-Year Itch
New flea-like fossils from China provide a rare, tantalizing glimpse of bizarre insects in the Cretaceous and Jurassic. Possibly the oldest flea-like animals known, they provide a challenge to the functional morphologist to infer which animals they may have targeted.
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Who hasn't been bitten by a flea, whether it came from a dog, cat or some wild animal. Perhaps you were lucky and avoided an allergic reaction, or scratching didn't result in an infection. If you were living in Europe in the 14 th century, however, a flea bite could easily have meant an infection of the bubonic plague (Black Death) and your chances of survival would have been slim. This disease claimed the lives of over 75 million humans since it was first recorded in AD 541, more lives than were presumably lost in all previous wars [1] . If you detest our fleas that are only a few millimetres in length, imagine what it would have been like to be bitten by one of the giant Mesozoic flea-like insects reported by Tai-ping Gao and his colleagues in this issue of Current Biology [2] . These fossils are surprisingly similar to those recently reported from the same Chinese localities by a separate team of scientists [3] .
To Know a Flea True or modern fleas are small (1-8 mm long), wingless insects with laterally compressed, heavily chitinized bodies. Their legs have enlarged coxae for jumping. They have short three-segment antennae hidden in grooves on the side of their head. All fleas are adapted to feeding on warm-blooded vertebrates: 94% of the over 2,300 known flea species attack mammals while the remainder feed on birds [1] . Some fleas are quite specific for their host species, while others, like the cat flea that also attacks humans, can change hosts readily. The unusual body form of the fossil insects suggests that they also may have attacked a specific group of vertebrates, but which one remains a mystery.
How long have fleas existed? Recognizable true fleas of the Order Siphonaptera have been around for at least 40-50 million years and occur in both Baltic and Dominican amber ( Figure 1 ). However, no fleas with modern features have been found in older Mesozoic (w65-250 mya) deposits. Extant fleas are thought to have evolved from winged scorpionflies (Mecoptera), a group of medium-sized insects with elongated bodies and long tubular mouthparts, the adults of which are considered nectar feeders. However, some Early Cretaceous (100 mya) scorpionflies have long pointed mouthparts bearing rows of fine serrations, suggesting that these lineages already fed on blood [4] . Such scorpionflies may have been an early lineage leading to the true fleas.
The large, soft-bodied flea-like fossils described by Gao et al. [2] are wingless, have reduced eyes and short, beaded antennae. Both species look quite similar, even though Pseudopulex jurassicus lived in the Jurassic some 165 mya ( Figure 2 ) and Pseudopulex magnus survived later in the Cretaceous about 125 mya. Even though these fossils from Inner Mongolia share some characters with true fleas -such as the absence of wings, relatively small thorax and a body covering of stiff, posteriorly-directed setae -there are several significant differences: first of all, the flea-like fossils are much larger than extant fleas, measuring from 17 mm to nearly 22 mm in length (most fleas are under 6 mm in length) and their mouthparts are much larger than those of fleas. The bodies of these fossils are dorsal-ventrally flattened and their antennae are exposed with 14-17 segments, while modern fleas have short, hidden antennae with only three segments. The long legs of the fossils are not modified for jumping and their powerful proboscis is quite broad and coarsely serrated, not narrow and finely serrated as with true fleas. This is why Gao et al. [2] label them 'flea-like', placed them in a new family Pseudopulicidae and acknowledged that the order is uncertain (incertae sedis) [2] . It was an unexpected coincidence and a rare event in palaeontology that a paper just published in Nature [3] characterizes the same Mesozoic fossils. These authors, none of whom co-authored the Current Biology paper, describe the fossil animals as ''definitive fleas'' [3] . However, given the morphological differences, they are definitely not true fleas and describing them as 'flea-like', as Gao et al. [2] did, is certainly prudent.
Previous Mesozoic Pseudofleas and Their Victims
In 1976, the Russian palaeontologist Alexander Ponomarenko described a strange insect from the Early Cretaceous some 125 mya of Russian Transbaikalia [5] . This creature, Sauropthirius longipes, was wingless, large (12 mm), had short exposed straight antennae, a protruding beak, long, straight unmodified legs and posteriorly directed bristles on the thorax and abdomen. This fossil, which has many similarities with the Chinese remains, also qualifies as a pseudoflea and likely hosts were thought to be pterosaurs and dinosaurs [5, 6] . The extended legs could have grasped the edges of tuberculate scales to secure the insect when feeding on dinosaurs ( Figure 2 ). This Russian fossil is shorter than the Chinese species described by Gao et al. [2] and each pair of legs is tipped with claws orientated in different directions, which is not the case with the Chinese fossils.
In 1992, Alexander Rasnitsyn described a flea-like insect, Strashila incredibilis, from the 150 million year old Russian Upper Jurassic Bada Formation [7] . While a bit smaller (7 mm) than the other fossils, it had incredibly long powerful hind legs with terminal clasping structures. Its robust proboscis suggested a blood-sucking habit and the structures protruding from the sides of its abdomen could have been used as stabilizers while on the host. Possible hosts may have been pterosaurs or feathered dinosaurs [6, 7] .
Considering that the Chinese Mesozoic pseudofleas were true blood-suckers, what animals could have been their hosts? The authors suggest mammals, birds, pterosaurs or feathered dinosaurs, as remains of these groups were found at the same fossil sites. However a large dorsal-ventrally flattened insect would have a difficult time moving through the pelage of mammals or plumage of birds. Modern fleas squeeze rapidly through the fur of mammals and between the feathers of birds because they are small and laterally flattened. They also have relatively short, narrow legs that can be held adjacent to the body for smooth movements. The pseudoflea fossils, by contrast, have long, ungainly legs that would become entangled in hair and feathers. Therefore, while some dinosaurs with sparsely placed feathers could have served as hosts, more likely victims would have been non-feathered dinosaurs. These dinosaurs had tuberculate scales that protruded slightly from the body and could be grasped by the long legs of these pseudofleas while feeding [6] . Several feeding sites on dinosaurs would have been available to these blood-suckers. They could have pierced directly through the scales of some of the smaller dinosaurs, especially on the underside of the body where the skin is thinner. In larger dinosaurs, they could have fed on the softer skin between the scales. Other feeding sites, which would have protected the soft bodies of the fossil insects, could have been at the base of dermal plates, or in folds of the skin on the forelegs. The body plan of these fossils definitely suggests that they were more adapted to an attached rather than a jumping life style.
Although at this time it is difficult to determine if these pseudofleas are the direct ancestors of our modern fleas or represent a completely separate lineage that disappeared before the Tertiary, these fossils [2, 4] give us a tantalizing view of one small segment of insect life in the Mesozoic. They are one piece of a puzzle that challenges future paleontologists to discover additional specimens to get a clearer picture of these creatures. After their queen has left with a swarm, orphaned larvae exhibiting rebel traits emerge in honeybee colonies. As adults, these orphans have reduced food glands to feed the colony's larvae and more developed ovaries to selfishly reproduce their own offspring.
James C. Nieh
Honey bees (Apis mellifera) are social insects and live in colonies that reproduce through fission. Approximately half of the colony departs in a swarm with the old queen, leaving her daughters behind to raise a new queen [1] . Thus, the colony can be temporarily queenless after their original queen has left with a swarm. The colony continues by raising a new queen and daughters that are kin, but may be less than kind. In this issue of Current Biology, Woyciechowski and Kuszewska [2] show that this period of queenlessness affects female larval development. Female larvae typically develop into workers that act as nurse bees while they are young. Their hypopharyngeal glands secrete a protein-rich brood food that is fed to all larvae [3] . Unlike other daughters who focus on tending their sisters, 'orphans' grow up with enlarged ovaries and reduced hypopharyngeal glands [2] . In fact, these orphans have the physical characteristics of 'rebels' who reproduce their own offspring, a surprising finding because such selfish reproduction is very rare under normal conditions [4] .
The cooperative breakdown demonstrated by Woyciechowski and Kuszewska [2] illustrates the power of kin selection theory to generate productive hypotheses based upon the honey bee sex determination system and resulting kinship asymmetries. Honey bees have a haplo-diploid sex determination system, whereby fertilized diploid eggs will develop into females and unfertilized haploid eggs will develop into males ( Figure 1 ). All workers are female. Unfertilized workers can produce sons, but normally do not for a variety of reasons. Queen pheromone suppresses worker ovarian development [5] , and workers normally police the colony and remove eggs laid by other workers [6] . Most importantly, workers are more closely related to their brothers (the queen's sons) than they would be to their own male offspring. Workers share, on average, 25% of their genes with their brothers and only 14% of their genes with worker-produced sons, assuming a queen that has mated on average with males from 17 different patrilines [2] .
However, a shift in relatedness occurs when a colony splits during swarming: the old queen leaves with the swarm and the colony raises one of her daughters to become the new queen. As a result, the new queen's offspring are less related to the original daughters that remain in the colony as workers. These original daughters face a choice: reproduce and raise their own offspring (sons) or rear the less related offspring of the new queen (nieces and nephews). Kin selection theory predicts that some will choose the rebel path [7] .
Many Roads to Rebellion
In a normal honey bee colony with an active egg-laying queen, eggs laid by workers are rare. The presence of queen pheromone decreases ovarian development in adult workers [5] . Only one in 10,000 workers has a developed egg in her ovaries and 85% of worker-laid eggs are removed within one day through worker policing [4, 8] . In a few cases, anarchic colonies have been discovered containing workers that lay male eggs which successfully evade worker policing [9] . There is a strong genetic component to this anarchic behavior. Genetics also underlie the ability of the Cape honey bee (A. m. capensis) to use thelytokous parthenogenesis. In this case, unmated females can produce female eggs, giving rise to 10.5% of workers and 0.48% of drones in a queenright colony [10] . Woyciechowski and Kuszewska [2] explore a different phenomenon, because they show that the absence of a queen during the larval development of workers creates long-lasting physiological changes that persist in a queenright situation. Unlike anarchistic lineages or the Cape honey bee, these 'rebels' do not originate in a queenright colony and are not based upon inherited genetic differences.
Delving into the Rebellion
The authors [1] conducted two experiments to determine if larvae would respond to the decrease in queen pheromone by developing into more queen-like adults. The first experiment used naturally swarming honey bee colonies and the second used split colonies in which the queen was removed. In the first stage of each experiment, larvae developed in a colony with or without a queen. Larvae that developed in the presence of the queen had been fed while the queen was present and were, therefore, exposed to queen pheromone, its breakdown products, or a downstream effect of queen pheromone. In the second stage, these potential rebels were returned to their natal colonies, half of which had no queen.
Being reared in a queenless colony did not affect larval body mass. However, these orphan larvae developed into workers with more ovarioles and
